In Escherichia coli, the expression of the RpoS regulon is known to be crucial for survival in liquid cultures during stationary phase. By measuring cell viability and by transcriptome analysis, here we show that rpoS cells as well as wild-type cells survive when they form colonies on solid media. E SCHERICHIA coli possess seven RNA polymerase While the decrease in the number of colony forming units (CFUs) obtained from planktonic cells between 1 -factors, which compete for association with the core polymerase subunit, each coordinating the tranday (D1) and 7 days (D7) in culture was 200-fold for rpoS mutant and 10-fold for wild-type strain (wt), there scription of a set of genes, which allows fine control of adaptation to different physiological conditions (Record was little difference in colonies between D1 and D7 for each strain as well as between the two strains ( Table  et al. 1996). In cells that approach stationary phase, the -factor 38 (RpoS) competes with the primary -factor 1a). Furthermore, the measurements of the cell viability in aging colonies, as well as of the colony area, show 70 (RpoD) for association with the core polymerase subunit. To date ‫001ف‬ genes have been reported to belong that the rpoS mutant had difficulties relative to wt during the first 24 hr (D1) but there was no difference between to the RpoS regulon whose induction results in physiological and morphological modifications that increase the two strains after 7 days (D7 ; Table 1b ), indicating better survival of rpoS cells at D7 than at D1, and/or resistance to various stresses such as heat shock, cold shock, acid shock, oxidative stress, osmotic stress, and increased cell turnover. To identify the functions that might be responsible for fitness modifications of rpoS UV light (Storz and Hengge-Aronis 2000).
We used the E. coli K12 MG1655 strain (wt) and the derived rpoS mutant strain (the rpoS359::Tn10 allele was kindly provided by M. E. Winkler, Indiana University, Bloomington, IN). Bacteria were grown in agitated Luria-Bertani broth (LB) liquid medium at 37Њ for 1 day or 7 days. For colony analysis, 10 2 -10 3 cells from an overnight liquid culture were inoculated onto nitrocellulose filters (NC 45 from Schleicher & Schuell, Keene, NH), laid on fresh LB plates (agar 15 g/liter), and incubated at 37Њ for 1 day (D1) or 7 days (D7). Afterward, the filter with the growing colony was put in 1 ml of LB and vortexed, which enabled the recovery of all the cells. To calculate the number of CFUs per milliliter of liquid culture or per colony, aliquots of diluted cells were plated on LB and the CFUs were counted 1 day after plating. The average number of CFUs and the standard deviation (SD) from six experiments are indicated in a. The areas of 22 wt colonies and 22 rpoS colonies at D1 and D7 were measured using the software Ellix (Microvision, Evry, France). Percentages of dead cells within 7 wt colonies and 7 rpoS colonies at D1 and D7 were estimated by flow cytometry analysis (FASCscan, Becton Dickinson) using the two-color fluorescence (syto 9 green/propidium iodide) assay from Molecular Probes (Eugene, OR; live/dead Baclight bacterial viability kits). The null hypothesis of equal mean surface and equal mean percentage of dead cells (H1) between the two strains at each time was tested by calculating the t-test and the P-value (significant when P Ͻ 0.05). The area averages, the percentage of dead cell averages, and P-value are reported in b. (Maki et al. 2000) -were also upregulated in rpoS compared to wt colonies appear to face various stresses that damage DNA and proteins. However, the fact that the rpoS strain at D1. The decrease in viability of rpoS cells at D1 could also result from the absence of downregulation of the does not show an increase in mortality relative to wt at D7 suggests that it succeeds in coping with the stresses ompF gene (coding for major outer membrane porin; Liu and Ferenci 2001), which is observed in wt. The encountered in aging colonies. Remarkably, the expression of genes coding for ribodownregulation of the ompF gene reduces membrane permeability and consequently the entry of toxic comsomal proteins globally decreases between D1 and D7 in the wt strain, while it increases in rpoS colonies (Figpounds into cells (Martinez-Martinez et al. 2000) .
Between D1 and D7, the fraction of dead cells within ure 1). A similar tendency was observed for genes coding for RNA (rpoB, rpoC, and rpoH) and DNA (holC) polywt and rpoS colonies reached 60%. The difficulties faced by both strains were reflected by the increase in expresmerase subunits (Record et al. 1996) . Finally, the expression of fis (Appleman et al. 1998) , a gene coding sion of RpoS-independent genes involved in stress resistance and DNA repair: e.g., the 32 (RpoH)/RpoN-regufor a protein required for adaptation of cells to rapid growth conditions, increases in rpoS D7 colonies relative lated heat-shock genes ibpA, ibpB (Kitagawa et al. 2002) , the psp genes (phage shock proteins; Model et al. 1997) , to rpoS D1, as well as compared to wt D7. The resulting increase in transcription, protein, and DNA synthesis some SOS genes (dinJ, dinG; Courcelle et al. 2001) , and the nfo gene encoding endonuclease IV (Hosfield in aging rpoS colonies may simply be a side effect due to the absence of RpoS regulation. However, this global et al. 1999). We also observed, but only in rpoS, an increase in transcripts of RpoH-regulated genes (groES change may be the result of rpoS cell turnover, as some cells grow and divide while others die. and htgA; Missiakas and Raina 1997), as well as the sbcB, recB (respectively, the exodeoxyribonuclease I and
In conclusion, our study shows that RpoS-independent stress responses may be sufficient to ensure the the exonuclease V subunit; Seigneur et al. 1999) , xseB After 1 day (D1) and 7 days (D7), total RNA was extracted from several colonies ‫01ف(‬ 9 cells) and 2 g was used for production of [␣-33 P]dCTP-labeled cDNA probe. Panorama arrays (Sigma-Genosis) containing the PCR-amplified 4290 ORFs of E. coli genes printed in duplicate were hybridized with the entire labeled cDNA probe following the recommendation of the furnisher. The software XdotsReader (Cose, Dugny, France) was used to calculate the pixel density for each spot. Each hybridization experiment was repeated four times with independent RNA preparation. The eight values for each gene have been used to test the null hypothesis of equal mean expression between the two strains and two different times by calculating the t-test and the Wilcoxon test. To analyze the fold change in transcript abundance, the (wt D7/wt D1), (rpoS D1/wt D1), (rpoS D7/wt D7), and (rpoS D7/ rpoS D1) mRNA ratios were calculated. When the ratio was Ͻ1, the inverse ratio was reported with a negative value. This allows a symmetric view of the data (hence the direct value shift from ϩ1 to Ϫ1). Genes with the (rpoS D1/wt D1) or (rpoS D7/rposS D1) ratios Ͼ1.5 and with a P-value Յ0.01 for both the t-test and the Wilcoxon test were considered to have significant difference of expression and are reported in this table. Genes upregulated in the rpoS strain compared to the wt strain at D1 are underlined. For the other genes listed, an increase in mRNA level was observed in the rpoS strain between D1 and D7. (For gene annotation, see http:/ /www.genome.wisc.edu.) survival of an rpoS population in aging colonies, which colonies (Table 2) . Therefore, it may be that the structured environments are favoring the observed enrichmay not be the case in planktonic cells where the level of stress may be higher, particularly in oxidative stress ment for modified or null rpoS alleles in nature by providing an environmental niche in which the handicap (Dukan and Nystrom 1998) . Furthermore, besides providing a collective defense against antagonists (Ma resulting from the lack of various RpoS-dependent functions is attenuated through compensation. and Eaton 1992), the cellular aggregation may facilitate access to resources that cannot be efficiently utilized by
